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ABSTRACT

This paper describes the present practical use of
computers in two large beginning physics courses at the University of
California, Irvine; discusses the versatility and desirability of
computers in the field of education; and projects the possible future
directions of computer-based learning. The advantages and
disadvantages of educational networking (including regional computer
centers for education) and the stand-alone, one-on-ocne computer are
discussed. One stand-alone system nowvw being developed for a
home~based videodisc system which attaches to a television set is
described., It is suggested that computers will occupy a more
important role in the educational process in the future than they do
at present. (KKC)
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Soveral physics c¢lasses at the Unlversity of Califoruia, Trving, furnish examples of how com~
puter use can be inteprated into courses. Curreut dovalopments in techuclogy suggest sevevdl
interesting new possibilitics. ) ' . ' ' - '
i ) ! ]

1, JINTRODUCTION Many of the educational waterials deseribed s

hore were produced by the Physies Conputer De= o

velopment Project, supported durlng the past s

six years by the National Science Foundation

and the University of California. The Preject
has geanerated about forty hiphly interactive

student-computer dialoga, und has developed an
authnring system for developing such waterials,

It also added graphic capability te All; thase

graphic facilities are now part of the standard

Xerox APL. Graphics also plays an extremely

important role in all the rccently developed
_dialogs. The Project is still very active in

developing materials. Same use is made ef these -
materials on other Univevsity of California cam= -
. ments discuss other courses at Irvine. , ‘puses, through an intercampus phone system, and
o i * iin neighboring schools, Other departments at
Trvine are using the widerlying software to de= 4

. wvelop dialogs, - ; ' T

Although the computur has been employad for
teaching and learning for about fiftecn years,,
. dt still occupies a minor or nonexistent rode
in post classes outside of computer scisnce it-
sclf. But this situation is now changing as
more teachers and administrators have understood
‘the value of computers in learning: - A great
variety of uses arve possible and useful. In the
o first part of this paper I take a practical ap=~
proach, exanining two large beginning physics
~‘quarters at the University of California, flrvine
as taught last fall, In each, computer use was
. only one aspect of the courses. Briefer coum~

The: future of computer-based learning willl be
heavily influenced by current technological pro-
. gress. ' Both more extensive educational network=-
© v ing (including repional computer centers for-
~ education) and the stand-alone, cuae-gn-one com= A
. puter are suggested by present. work with is used in a variety of modes. In both cases
picrocomputers, While we cannot rule out either many other tcaching media are also employad.
of these possibilities, we can see some advan- o : .
tages in one direction or the other, It seems 2.1, Physics . o
very likely that computers will, in one way or :
another, occupy a more important role in the Physics 1 is a one-quarter course that precedes
:edudational process than at present. . standard beginning courses. Most of the stu-
' "~ dents in it take the five-quarter, science-
- "engineering sequence starting the next quarter.
The two principal broad objectives of Physiecs 1
-are to provide adequate tools for the study of
.- 'physics and to increase interest in physics..
- ‘The course.is a PSI course, in the self-paced
" . tradition, with students working at their own .
“The _quarter's activity is.divided into . -

The two detaiigd ‘examples in this section both
involve physics courses in vhich the computer

2, JRVINE COURéES AND COMPUTERS

- The University of California includes nine un-

- dergradugte campuses, including three campuses

- only ten years old. Irvine, one of the new cam
.. puses, ruts three competing computers=-a Xerox
= ~8igma 7, a DEC PDP-10, and PDP-11/45; all oifer.
:.timesharing, and ‘batch is available also on the

< first two, The user is free to pick the com-
puter suitable to his needs. The. educational .
ndeavors described in this paper all -involve-
he Sigma 7. ~Unlike most University computer

and administration, accounting -for wall over. -
“half -the total usa; ‘computer -science- and physi=_.

“ecal science are the heavicest qurs."lustrucrffﬁ;.},:ti : ¢
' . -on lectures, textbooks, or CAL material.
““dents sign on to the terminal, enter the parti

3_;*tiona1 use is supported from funds from the

rvige in instructional computing derives from
he dragination of the first Dean of Graduate
Studivs, Ralph Gerard.

.

enters, educational.use dominates over research:

gtate of California. ~The relative atfluence of

Three units deal explicitly with computers, from -
.the standpoint of problem solving., The first,

“roughly the first week of ‘the course, is devoted ..
‘to lcarning both BASIC and APL. ‘The .test ‘for TR
*thiSHUnit“asks,the.Stndentﬁto'w:ite,‘entegﬁ and-
perate a small program in .cach language. . :The..
earning method is interactive, not dependent.
Stu= -

1

uvlar language, and type in a series of state-
ments provided. They watch the results and
occanionally try to answer questions on the
sheet given to them. The procedure might be

v.-opee s EE— - e - - .



about a strange andmal by
cpiv;ny 1t selected stimnli and obuerving the
response to those stimuli, About three hours
- of student time are veguired to learn the basie
notions aof ecach languago. ,

ceompared to learadng

hie seeomd undt 18 alge concevned with the com=
- putery deveted beth to {lowchavtiug and other
prqvtxcnl anpects of progranming, and also to

Ceppluying tho graphic cspabilitios of APL.  As
wfth other aspuets of computing, we stvess vtho.
ability of computers to draw picturcs, and get

- the student to think right £rom tho bepinning
about where it is useful to have numbers and

_ whoze it is useful to have a diagram,

The thl)d computing unit occurs much later in
the course, in connectionw with leartning mech=
anics. The waterial, Introductory Computer=
yased Mechanics, was written lnltially in &
vorkshop sponsored by the Commission on College
Physics, by Alfred Bork, Arthur Luchrmann, and
John Robson. ‘“The material is a selfl-contained
unit, sold to students in a packet of notes for
the course. They learn to cet up and solve for
the motion of any one-dimensional mechanical
- gystem, given any force law and any initial con-
ditious. One tremendous advantage of the com-
puter at this level is that it gives another
wvay for students to get directly at differential
ecquations in studving woving systems. It is
only through the use of laws of motion as dif-
Jerential equations that their full power can
- be réalized, and thus the computer allows the
students a powerful and rewarding approach al-
-most impossible in the traditional course. .

.

In addition, a number of computer dialogs are
usable in connection with these and other units.,
One of the units deals with complex numbers,
- and a diagnostic remedial dialog is available,
a series of problems of increasing difficulty.
When students have trouble with a problem, they
gre put into a remedial secquence that teaches .
the necessary concepts. Thus; a student need
pot spend time with material already familiar,
Jbut ‘can go on to the arcas where assistance is
- .needed. Alternate methods of learning about
.- complex numbers are also provided. In connec—.
~<tjon with the unit on mechanics already men- -
- tioned, we also make usce of a dialog concerning.
motion, “This dialog will be described in more
detail in conncction with the Physics 3 course.
The unit on data analysis has associated with
4t a-dialog on significant figures, drilling
studcnts.aud oifermng_absistanc uhcre,ueedcd

ﬁOptioual units are'alao avnilable‘for the stuﬁ‘
dents who finish work before the end of the

tourse. Several of these involve the computer.
‘A conmon optional unit ewmploys lntroductorv
Computer-Rased Mochanies 11, a scequel to the
previous wonaaraph preparved by the CONDUIT
Physles Committee (Alfred Bork, VWayne Lang,
“Jolm Merrill, and lerbert Peckham). lLearning

quarter, a common occurrence in a self=paced cwl

CALVRED BORR
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cappLther conputer language,
pare dialegs, and famp%otlna o speelficd dialog.

minal hours.
~7dn groups of |
~' .cuss what is happening, this represents ‘about
- .7,000 student tcrminal hours, about 1's hour
= per student per week.
“much as we wou!d like; if the instructors were
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jeavning hov o proee

woere also optional undts this PdQL yoar.

The Phynics 3A courae at Trvine fs the {irse.
guarter of a threee=guartor beginnlug sequenee
with about 300 suwdents, nostly premcdicai.
The subject matter is wechanies,  As with

des 1 tho computer is used in hoth a p;nb.vm
solving and dialog node, with wany of the sane

hyge....

wmtuzaals enaployod in lhy ies 13 but the anpha- @

sig chiftes somoevhat towanrd dialoge, Soveral

weeks of the quarter depend heavily on tha
computer.
Students learn. either APL ov RASIC, with the

choice left to themy the "Ten Finger" wataerdal

o

used in Physics 1 ie again the basds for laoarn=- j~;

ing the language, Introductorvy Computer-Based
Mechanics is also employed, with the studonts

writing prograus to analyze the motion of mache . -

anical systems. Thus, the student can approach
mechanics immediately in a difxezantlal equatior
form. .

The principal dizlog used in Physiecs 3 is MOTION,
It dllows students to investigate one-~particle -
mechanical systems in great detail, changing

force laws, constants in these laws, and initial =y
conditions. They can examine graphically the E
interesting variables
tem, such as position, velocity, momentum, enor=:
gy, and angular momentun, plotting any twe or
three variables, MOTION lets.students wake re=
quests in a language natural to them, and tries.
to assist the student having problems. In ;
Physice 3 it is used both in a "play" mode, with
students exploring freely, and in a structured
way to respond tdo homework problems. Students
are asked in a homework assignment to explore
oscillators, determining how the maas and spring
constant affects the motion, and they are asked .

- to seek closed orbits for a body moving under
_ the action of two fixed inverse-square force
- centers.
.. can be returned to time and time again, and can
- be used by a range of students from secondary

MOTION is the type of program that

school to graduate school; it is heavily used

by students outside of physics classes. 'In the
-month of October, 1974, 15,000 terminal. ninutes
were spent by studeuts usiug MOTIOV.

e —

The fou1 hundred students in thqics 1 and 3 in .
.the fall quarter of 1974 used about 3,500 ter=-
“As. we ‘encouarge students to work
‘two or three, so that they can dis-.

-Our access ‘is not us
alloved to use computer resources at will, QSQ
would rise. T

associated with the sys=-



Yo Physdes 3, taught by Rich.. d Rallard, also em L Oue aspoct wheve the computer is potentially

“ploys other media.  Thus, the preblem-salving superior to other teaching media is inddviduali=
soegsions were videotaped and mado available to zation. A £ilm, or a video propram, 1s a fixed "
atudents, and multinmedia sessions were conuon. sequence} often in practice it 18 nat even pos= .
Computer use rates hilgh in student comnents ~ sible for a student to se¢ the film analn ov to
.about Lthe sourse. : vepeat a sequence of a film that is not under=
Lo ) ' ‘ ' i stood, and the pace cannot be altered. Similar-
“24 3, Other Couvges at lrvine , 1y, a leeturé or a slide-tape show can react to
e ' ' - - ' B © v gtudents in only a limited wmanners A highly

Hany of the other physics classes at Irvine use branching programmed tekt can allow different =

- the computer. Details differ from year te year, . learning sequences for cach student, but stil} -
depending on who teaches the course, but back= 7 is restricted. Tut a good ecomputer prapram cal
ground student use 18 aiways high, Both dialog make use of many types of information about the

“and computational aspects occur.  Thus, we have student, and ean respond in great detail to stu-

_ soveral dialops on veetor calculvs, for use in dent performance; each student can have a unlque

Telectricity and magnetism sections of begianing learning experience. Even the pace can be at»
courses. Another program allows students to Justed. No media other than a teacher for each

. plot electric: ficlds frem arbitrarily moving. _ student. offers the flexibility of the coumputer.

- point chavrges, and this is sometines also as- ) .
. tigned as a calculativnal task in an intermed- This is not to say that the flexibility is al- = =
- iate course. .New programs in quantum mechanics ways attained; existing computer dialogs are oo
= and relativity, already din partial use, provide only beginning to become highly responsive to
a wide range of learning experiences in these . the individual student. Individualization is,
“arcas. Several types of dialops are directed I believe, an extremely importatt educational

" explicitly toward improving the problem-solving goal, reflecting the vast differences in studait

- -capabdlities of students, and others toward in=- ability-and performance, and the computer offers

. ereasing intuition about the behavior of physi- us the best hope for attaining it. -

.¢al systoms. - , | b . o

S ' : . i . Another important educational aspect of the com-
the most exteusive use outside of physics of the puter arises from the powerful idea of simula- ~
coftware developad by the Physics Computer De= tion. Because the computer can simulate real or

- welopment Preject has been in a precalculus, imaginary worlds,” given its calculational capa~-.

. self-paced math class. The computer administers - bilities, it can create unique new experiences -
the unit exams, pilcking randomly out of a large for the utudent. Experience is a critical cop=
-eollection, and thus allowing multiple tries; ponent of learning. But direct experience is "
it is also vesponsible for record keeping. often limited, and, even in the laboratory,

Current development of dialogé is also going on difficult to control., A computer simulation
- 3n other arsas of math and in biology, chemis- with a good student interface can in a short
try, fine.arls, wedicine, and sociology. -~ time greatly increase the experience available "
RIS o ' _to students, and these experiences can be unique -
3. FUTURE b - to each student. Thus, the direct experiences i
. ! - possible with moving objects involve only a few
Although, as we have seen, the computer is hav- - forces and initial conditions, and they are all
ing a noticeable impact on some courses, we are restricted to x-y space. But a dialog such as
still beginning to learn how to exploit its full - .  MOTION can allow free play with all these as-

«  learning potential. We can, by examining the =~ - .pects; in a few minutes the student can see many

currcnt situation, hope to make reasonable pro-. different types of motion, and can conduct con~

. trolled experiments with certain types. One
interesting aspect of programs such as this is
that they prove to be usable at a wide variety

of levels. Films, too, particularly with slow
motion and with microscopes, can give experi- -..
ences beyond those in everyday life, but in.a
different area than that offered by the com-. -
puter. - But:the film shows everyone. the same .. .-
phenomenon, while the computer provides the -
cases the student specifically requests.. Ie 7 ,
should be noted that the. -computer needs.graphic
apabilityfto,providefthe,rich:range of exper= - .
jences possible; we need to see the moving = .
objects, not a:collectio wnbhers describing
~Ate position, .. S

Jections into the future. -

'53.;.;00mpqtefs“§ua_O;her_Mgpia )

... Those of us whi ma’fntain that the computer will
- yevolutionize c~ucation at all levels meet oc~
“~reasionally with disbelief, -One source of this
disbelief 1is the history-of other technological..
aids to learning. Often a new aid, such as =~
vide0—or-programmed:insttuction,fhasmbeenuhailed
by its propuncnts as a revolutionary -factor that
will transform our ‘schools; ‘but the expected "
great - changes -do not occur.. . This cycle-has been
repeated a number of times. “So we must ask how.
the computer as an educational media differs '
from the others that preeeded it, why its poten=- - . . ' :
tdalities are greater thon these of film, audio- A third compelling reason why computers will -~
visuval, vidco, and other nedia. - ' : eventually be the dominant mode for Jearning is-
Celn , L the long-range financial picture. Most compon
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Leats of education are {ncreasing in cost, but
= gomputersbased teaching is deelining in cont.
The difierence iu that computer technology is
still dn a peried ol very rapid evolution, vhile
othet media and techuiques are evolving nuch
pove slewly. We ava only ned Tearaing Lo Qs-
ploit, the power of Large=saeale intearation and
pew memory tachnigues, and noew tochnological
~radvanees are almost comnonplace in this avea.
 4he cost of computing, for cquivalent pouwer,
wil) continye to decrease dramvatically. Ade
“yanees in software development are not 80 gpecs
tacular, but cven here we are jmproving. Cur=
yvently 3t is difficult to estimate if computers
~are cost-effective in education, both because of
the difficulties of calculating educutional
coste and beeaune of the unlque advantages of
the computer already discussed. Dut in the
future the computer will compete very well with
other ways -of teaching.

8o far I have contrasted the computer with other

pedia. But I also believe that computer tech-
niques, to be discussed latey; will make other

" media wore versatile, more adaptable to the in-.
dividual user. These techniques can, during the
. mext ten years, provide a convenient way, for
exauple, to view video sequences, allowing the
user to repeat sequances ov call on expanded
scquences as needed. Fach media does have ad-
. ‘wantages for certain types of learuing, and we
- gan expect maximum effect in teaching systens
that combine all of them, using each in ways
appropriate to it. :

' 3.2, The Future of Computers in Education -
Literature . .

What are the most interesting future directions?
Jf we are comvinced, as I am, that computers
"will play an increasingly important role in
learning, both because of their effectliveness
and because of their iacreasing economic com-
petitiveness, then we need to think carefully
about the future. Too often we follow the lead.
~ of technology, gving where technology takes us, -
~rather than asking what are the trends of tech-
“““aology and then molding them to produce the-most..
;desitable‘and~e££ective-futute. ~Although a few.
“§ndividuals have attempted long-range plans,
~not enough such thinking has been done with
mputers. . i0n.:

Oné-interesting view, at the public school
cvel;primarily,'isaﬁhatﬁineccorgc-Leonard{s,-
ook, EFducation and festasy. ~Two chapters of.

his book tcficet the school of the future.

he students cach progressing at their own rate
“dn a super-P.5.1. or self-paced fashion, ‘but
~with the computer responsible for all the man=
“agement. and much of the delivery, Visual
;diup)ays--thrcu-dimvnsionul. larye, in color--are
“eritical as is the extensive information base
about cach student contained in the computer.

Y

- Networks ‘could serve a

- basis, some of these schools and

‘he ‘environment is very freely structured, with ;T ?-'TI would hope that any such development would ~ -
2w+ 7 “take place on a machine that had all the-poweX. .

. and capability possible on a modern computer..

ALYRED LORK

Yo can find very fev other pletures that try to

look twenty-five years ahead as in the Leonarvd
bouk, An oldey aud nuch less fviendly viow i6
in Zamiatin's Mo, @ Russian novel of 1924. The
Meoacher," in what appears to be a standuvd

elhssroom situation, is a peorly=functioning i
“rohot, teaching in a volo fashion. - This teache- oo
ing supports the unpleasant restyictive socloty
pictured in the book; this and aimilar possgi-. :
bilities serve to reming ug of the dangers ine o -
herent in effective teaching davices.

3,3, Network vs, Stand-alonc Conputars

Ye cau see at least two conceivahle dmmediate
futures, with regard to the nature of couputer
hardware, to some extent mutually exclusivea.

At this time it seems difficult to predict whlch
will oeccur, althéugh T have ny prejudices. Ve
‘need to pursue hoth directions, because each is
moat favorable toward one aspect of the develap= -
ment of computer-based teaching materials. >

The first development might be termed the con-
‘tinual Qgpansion of netvorks, the-paking availe-
able of Facilities beyend those in the immediate
geographical-location of the person involved.

, region, or could be :
national in scope. One very promising diract-
ion, not pursued at present to any great exstant,
is that organized along discipline lines. 1
concoive a sizable machine used purely for e
teaching in a single discipline, or a group of -,

; yelated disciplines, with all the users shaving

" the resources on that machine. The great advan= .
. tage would be that existing and ncw material '
could immediately be made available to a wmuch
wider audience than tihie campus or school, at

which it was developed. 4&n even greater advan— -
tage is that we could obtain tremendous leverage :
in the development of more material inm the area
represented. Given many schools actively using
the Laterial on a regional discipline~oriented

some of the

- teachers in thora schools will also become de=-
wvelopers of matecial. The number of people who

" ean develop material (and use what they deveiop)

s thus greatly increased in -the particular dis~ -
ipline; we might even see a quantum jump in '
he production of effective materials in that
iscipline. As many pecple would be involved,
‘geveral might develop materials for a topic, SO
e would have open.competition.of materials;
such competition would lead to more effective
materials. . Larpe-scale coumpa testing

Only a few timesharing systems arc preseutly ”
Cgsufficlently versatile. Limitations made for
the sake of "efficieney,” in a computer SRSy
would, 1 belleve, not be desfrables; it iw ot
desirvable to restrict the size of user Programs,
or to restrict the awount ui rocrasonal" core i
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Jlowed Tor a program, except insefar as these
ontrictivns ate requived within any well-
porating timesharing system Users should have
omplete access to private files of their own,
“poth within problem solving and dialog nodes,
ALY common languages should Le available, co
thiat the hest Janguane for a particular applica=-
“tion can be used, and thus the students' backs
grownd could be capitalized on, no matker what
1anguage had previcusly been studied. This iy
“particularly dmportant in an educational instie
~tution which inherits a good wumber of itg stu=
“dents from other colleges, and so must adapt to
wvarying backgrounds. :

As is clear from other comments in this paper, 1
would want the vast majority of the terminals
- available on each campus to this discipline-
. oriented wacpine to be graphic terninals, al-
“ " though the actual ratio might differ from dis-
- gipline to discipline.

A group of related disciplines might be the first
. users. Whether the machine would eventually be-
... come specialized to a single discipline would, I
"' believe, be something that would be determined
“ by usage rather than by planning. Careful
- yecords would be kept, and it might be possible
. to specialize machines in disciplines after some
real experience was obtained in multicampus ea~
vironments with very lavge numbers of students
~. 4a routine standard courses. I do not believe
" © 7 that, the current experience in any system is
larpe enough Lo make such dacisions, '

Perhaps groups of diccipline-oriented machines
could form an important component of an educa-
tional technology center such as.the ones de-
seribed -in the Carnegie Commission Report, The
Fourth | Revolution - Instructional Technology
3n Higher Education. W%hile 1 can see no very
visible move to create the centers of the
Carnegie report, that still seems a sensible
appreach, particularly with regard to the mech=

v enism for developing sizable awounts of material..

This is, however, only one possible model of the.

_future, a model particularly appealing in con~

" mection wath the development of teaching material
- ‘using the computer.. However, from a hardware =
....point of view an .even more attractive approach
..-will soon be practical. ‘This-might .be deseribe
- -as the stand-alonc.system, a device which con—-
tains notTonlysthe{MsualJinputroutpu:eﬂnd-dis-~-
play capabilities.fbut'almos: all the processing
' capabili;x»ncceﬁsary;fqruapplicatiuns_Qu;tha
machine.. ~This direction is, I believe, the. =
natural tendency of .the ev -of m
technology. "

haps the two most striking attributes of the
stand-alone system are first the preater
,,rclinbiljty-—whon one miachine povs down only
the purson on that machine is affected, not the
hundreds or thousands that might be simultan=

v ‘-:-; “ BESH}BPY Avmm-[ uwmmc- er-u COMPUTERS o TODAY AND ’i‘-Gl-k_:)!’;R(}w R

pumbers of &tudents.

* around the world, are primarily aimed at the

" 10/Metrics, RCA, Zenith, and Thompson
. systemi use light to "read" the grooves.

“wideodise might contain elaborate sequences of

The -advantages of such a michine are many. Per~ . = .}
“U07 7 teaching material, a

counaly using a large tisenharing systemesansd
socond the preatly increased graphie espability

possible when not restrictad ta standard trans~ Co

mission vates such as 2400 baud, Even a system
with modest cowmputational capability, porhaps
podularized to allow differcnt amounts in difs

ferent systems, con display much more dynamde. . od
- and intersotive praphles than even a very large

and poveriul timeshoring system can for lavge

1 should mahe it eclear that 1 do pat have in
wind a system bullt around auy existing mink-
computers or microeoputirs, 1 repard these
devices us providing far too little computing
powver for the elaborate teaching dialogs I am
envisioning in this discussion. But 1 believe
that the microcomputer technology is at the
point where we could develop in the next save
eral years very powerful stand-alone systoms.
Such a system might attach occasionally to a
large timesharing system, orv to other computers, .
for special purposas. Thus, access to very B
large databases, or to record heeping prograns,
or to course nanagcment facilities, might re-
quire access to a bigger machine, Put mostly - -
the machine would be on its. owns L

A particularly intriguing possibility in'cpnnec- i
not widely known .

tion with stand-alone machinoes,
to those in the computer field, is the use of
technology new being developed for the hoie=
based videodise systems. These systems, being
doveloped by a number of major manufacturexrs

home market. The idea is that the home users

E buy a device which attaches to their TV sets.

The “records" are possibly like an ordinary
pressed vinyl (music) record. You take it home,

T

and then “"play" it through the television .set. .

Times on the order of an hour of video on a:
record are feasible. Systems arc now being-
demonstrated, and will soon be on the market.
Among the companies involved are MNCA, Phillips,
CSF. Most

“‘While these systems are being developed primar-
-ily for home TV,

reflection about the informa-
tional content in an hour's worth of TV (about
1010 pits) will immediately lead to.interest on
the part of the computer ‘enthusiast. ‘Further-

“more, it is possible to randomly access material
rapidly on these discs,. < Thus, wc=can:envisiqn_fu;
a disc as containing a combination of video 7
Sequenccs,faudio-scquences,'slides,;ﬁppe,groove_T:

arouud_thegdisc).fapd,gomputerfcode.5&A~éing1e

disc might have on it a £u11‘ianguagefproéessor.

CAI course for learning the language; or a -

dialog between the -student.
and the computer, which would allow all the :
pedia to be used along with the other aspacts
of the interactive dialog.

such as APL or BASIC, and a.complete vidco~based

‘3
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BEST COPY AVAIABLE

Because of the Jarge amount of quickly accen=
sible storage available on the dise for vead-
only computer code, new system organizations
might be possible, allowing the michine to sur-
vive with less core than necessary ia a typical
present-day minisystem. These discs aYso have
the tromendous advantase of Lelne a salable
product, giving a way ot paying royalties to
authors, financing advertising, and the othor
features present in wost educatienal media dis-
tribution, but which do not exist in current
computer systems,

I doubt if the stand-alone vidceodisc system

would be a suitable system for developing mater-

ials, nor for testing them with students initi-
ally, so it scems likely that this work would

still often proceed on timesharing systems, with

perha} . just the media portions coming from the

CONTINUL PLOTTING? SURE

CONTINULC PLOTTING? o
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stand=alone deviens,  TYerthermore, 1t way be
necessary to have souwe writeable storaye other
than hipgh specd menory, so cassettes or [loppy
discs or slmilav devices nay be an coseatial
component.

Probably the display on the stand-aloue dovice
will allow color, and bucuar.oe of the necd for
video sequences from the dive, will ut lenst be
compatible with a televigion format, Tull ani-
mation will be practical, far beyond the siwple
draving possible in current low-cost timcsharing
groaphics,

Such systens arc not entirvcly pipedrears.  Scome
features of the system describad hiere, fncluding
the clegant graphic capabilitievs, are already
available in existing laboratory machines.

"
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